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(57) ABSTRACT

A method and device for comminuting a thermoplastic
polymer, in particular a thermoplastic elastomer, and for
producing therefrom pulverulent materials with a predefined
grain distribution, includes the following steps: comminut-
ing the thermoplastic polymer, which is provided in lump
form, into a starting powder in a comminuting device, and
subsequently screening this starting powder at least once
until a predefined grain distribution has been attained. A
release agent, which reduces the tack and capability for
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agglomeration formation of the starting powder, is fed into
the comminuting device during the comminuting step.

14 Claims, 2 Drawing Sheets
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1
METHOD AND DEVICE FOR
COMMINUTING A PLASTIC AND FOR
PRODUCING POWDERED MATERIAL
FROM SAID PLASTIC

TECHNICAL FIELD

The disclosure relates to a method and a device for
comminuting thermoplastic polymers and for producing
therefrom pulverulent materials with a predefined grain
distribution.

The aim is grain sizes of less than 500, in particular less
than 100 um, e.g. particles in the range of 30 to 100 um. The
maximum upper limit that can be specified is 800 um. The
lower limit lies in the range of a few nanometers, preferably
at about 1 or 10 pum. If possible, the deviation from the
spherical shape is supposed to be such that the smallest
cross-sectional dimension of a particle is not smaller than
20, preferably not smaller than 50% of the largest cross-
sectional dimension of these particles.

Such a pulverulent material is required for many areas of
use, e.g. for 3D printing, powder coating etc. The more
spherical the individual particles are, the more flowable the
powder is. Powder of this kind is required by the market in
grain distributions that are desired in each case and pre-
defined for the individual intended uses. In order to produce
a specific powder, a starting material provided in lump form
and as a thermoplastic polymer is first comminuted in a
comminuting step into a starting powder; in a screening
process, the starting powder is then screened in such a way
that the desired grain distribution, which is also referred to
as powder distribution or grain band, is attained. This final
powder is then packaged and shipped.

BACKGROUND

A device for manufacturing such pulverulent materials is
known from DE 20 2016 106 243 U1. Here, a hot melt of the
plastic starting product is supplied to a nozzle device from
which the melt exits and separates into small droplets that
fall down.

They are cooled down by means of cryogas and collected
in a lower area. This is followed by screening and packag-
ing.

Furthermore, it is known to first dissolve the plastic
starting product in a solvent and to obtain the particles
therefrom; e.g. to atomize or spray the obtained solution and
to keep the obtained droplets in isolation until the solvent
has substantially evaporated. In this method, it is not nec-
essary to bring the plastic to a higher temperature, so that
chemical changes are not to be expected in this respect.
However, the solvent acts on the plastic.

Devices and methods for grinding and producing powders
are in use in the industry. WO 2007/008480 A1 describes a
method for grinding at cryo-temperatures and producing a
powder; the known prior art of cryo-grinding is described in
detail on several pages in the introduction to the description.
EP 2 957 598 Al discloses a method for producing poly-
amides converted into powder by cryogenic grinding. A
screening process then takes place.

A cryogenic temperature is generally understood to be a
temperature below minus 150° C. For the application at
hand, temperatures below —50° C. are to be included, which
also includes cooling using dry ice CO2.

It is also possible not to carry out the comminuting step
at low temperatures. Grinding at low temperatures is gen-
erally necessary if the glass transition temperature of the
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polymer is below =20, particularly below 30° C., because
otherwise, the respective polymer cannot be comminuted
normally.

The above-mentioned methods are examples for commi-
nuting plastic starting material into pulverulent plastic.
Further comminuting methods are known from the prior art.

When comminuting, the pulverulent final product as
demanded and desired by the market is generally not
obtained immediately. The market specifies a size and
distribution of the desired pulverulent materials as they are
required, for example, for a particular 3D printer. In order to
obtain the correct grain distributions, the pulverulent plastics
(the starting powder) obtained from the comminuting step
are screened at least once. Several screening processes may
be carried out one after the other. In this case, the grain
distribution is also dependent on the way in which commi-
nuting and screening are carried out. The at least one
screening process is adapted to the comminuting process and
adjusted thereto. It is also adapted to the predefined grain
distribution.

Depending on the selected comminuting process, the
obtained pulverulent material has a characteristic shape of
the individual particles or granules. The typical shape may
deviate to a greater or lesser extent from the ultimately
desired spherical shape. For example, the granules may be
non-round, e.g. have appendages (tails), be relatively flat
(platelets), be rod-shaped or the like. This affects the screen-
ing process and the screening result. It is possible to carry
out a process of rounding the granules after the comminuting
step and before the screening step. In this regard, reference
is made to DE 10 2017 100 981 by the applicant, for
example.

As the method was carried out in practice, it was found
that problems caused by the comminuting step arise during
the screening process, particularly if the starting powder was
obtained from a thermoplastic elastomer, e.g. by grinding
soft TPU, and exhibits a particular tack. The throughput of
the device is frequently greatly reduced. The screening
device tends to clog. An economically sound screening
process frequently cannot be carried out.

SUMMARY

Against this background, the disclosure is based on
improving the previous methods and the previous devices
for comminuting a thermoplastic polymer and producing a
powder therefrom in such a way that the screening process
is made easier and improved.

This is achieved by providing a method for comminuting
a thermoplastic polymer, in particular a thermoplastic elas-
tomer, and for producing therefrom a pulverulent material
with a predefined grain distribution, with the following
method steps:

comminuting the thermoplastic polymer, which is pro-

vided as a starting material in lump form, into a starting
powder in a comminuting device,

screening this starting powder at least once until the

predefined grain distribution has been attained,
preferably filling the final powder obtained in this manner,
wherein a release agent, which reduces the tack and capa-
bility for agglomeration formation of the starting powder, is
fed into the comminuting device during the comminuting
step.

A stable screening process could be achieved by means of
this method. A constant powder distribution was achieved.
The throughput increased considerably, e.g. tenfold. The
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bulk weight of the final powder also increased by at least 10,
most frequently by at least 20%.

The comminuting method is carried out after one of the
established comminuting methods known from the prior art.
Important examples are mentioned above. Mechanical com-
minution generally takes place in a mill; for instance,
whirlwind mills, pin mills, ball mills or the like are used in
this case. If a spraying tower is used, comminution is
achieved by melting or dissolving the thermoplastic polymer
and atomization in the spraying tower.

The predefined grain distribution is generally specified by
the market, most frequently by a specific customer. A typical
example for a grain distribution is d90<125 pm, d50
between 60 and 80 pm, d10 between 20 and 30 pm. A
polymer provided in lump form is understood to include
granules, bars, blocks, commercially available delivery
forms or other forms of the thermoplastic polymer starting
material. The lumps of starting material have dimensions
that are at least a thousand times greater than those of the
starting powder, preferably dimensions in the centimeter
range and greater.

Generally, only one polymer is in each case processed in
accordance with the method; however, it is also possible to
simultaneously process two or more polymers in the same
device.

The fines content smaller than 10 pm is minimized in the
final powder due to the improvement of the screening
process. An additional dedusting step can thus be omitted.
Health protection during the processing, and also in the
subsequent further processing of the final powder, e.g. at the
end customer, is improved. The free-flowing property of the
final powder is improved considerably over final powder
according to the prior art. Since there is less aggregate
formation, which makes the screening process easier, less
coarse content has to be returned to the comminuting step.
The disclosure makes it possible to significantly reduce the
proportion of coarse material that has to be returned to the
comminuting process. This results in particles that actually
already have the correct size to be comminuted again,
because the proportion of fine content rises with each
repeated comminuting step. A step of dedusting the starting
powder or the final powder can be carried out additionally;
according to the disclosure, it can be carried out with less
effort.

The method is suitable for thermoplastic materials that
tend to exhibit tack and agglomerate formation after the
comminuting step. It is also suitable for thermoplastic poly-
mers, such as PP, PA, PPS, ABS, PBT, PE, PS, PET, PMMA,
PC, PEEK, PEKK, for instance. Particularly preferably, the
method is suitable for TPU, ester-based and ether-based
thermoplastic materials, e.g. TPEE.

The release agent is preferably provided in a very finely
powdered form. It is supposed to coat the particles of the
starting powder in a dust-like manner and thus prevent direct
contact between two adjacent particles of the starting pow-
der. The free-flowing property of the starting powder is
thereby enhanced. The release agent may also be referred to
as an additive, an anticaking agent or anti-agglomerate
agent. The flowability of the starting powder is improved by
the release agent. The flowability in the process plant, i.e. in
its pipes, rotary feeders etc., is also improved.

Metal stearates and amide waxes are particularly pre-
ferred release agents. The melting temperature of the release
agent should preferably be in the range between 50 and 160°
C.
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It is possible to heat up the starting powder after the
comminuting step. Thus, the screening step can be carried
out in a more convenient manner on a case-by-case basis.

A subsequent use of additives is frequently desired.
According to the prior art, this necessitates an additional
method step. According to the disclosure, such a step is no
longer necessary because the additive is already added
during the comminuting step, or an additional different
additive provided in addition to the release agent can be
added together with it.

The object is also achieved by providing a device serving
for carrying out the method. The device for comminuting a
thermoplastic polymer, in particular a thermoplastic elasto-
mer, and for producing therefrom a pulverulent material
with a predefined grain distribution, comprises

a comminuting device for a thermoplastic polymer pro-

vided in lump form as a starting material, which
preferably comprises a mill or a spraying tower, and
which has an inlet for the thermoplastic polymer, an
outlet for a starting powder and, optionally, further feed
pipes, such as for a cryogas, for instance, and

a screening device disposed downstream of the commi-

nuting device and preferably connected therewith via
pipelines in which the starting powder is conveyed,
wherein the screening device has at least one screen
designed for the predefined grain distribution. The
comminuting device has a feed pipe for introducing a
release agent into the comminuting device.

It is also possible to carry out the comminuting step at a
separate time from the screening step. Oblong-mesh screens
may be used as screens, e.g. a 300x110 pm oblong-mesh
tumbling screen AVIM1600 by the company Allgaier.

All components located upstream of the screening device,
i.e. also rotary feeders, conveying pumps etc., are regarded
as being part of the comminuting device.

EXAMPLES

Example 1: TPU in lump form is introduced into the
milling loop of a whirlwind mill and comminuted. 1% by wt.
of'an amide wax Baerolub L-AS by the company Baerlocher
(based on the TPU introduced into the mill) is introduced
together with the TPU. During the milling process, the mill
effects an excellent distribution of the release agent in the
starting powder. In the process, the lubricating effect of the
release agent appears to be advantageous.

Example 2: The process is the same as in Example 1,
however, 0.13% by wt. of an aluminum oxide (Alu C) is now
added as a release agent. A bulk weight of 372 g/1is achieved
for the grain distribution d90<125 pm, d50 between 60 and
80 um, d10 between 20 and 30 um.

Example 3: The process is the same as in Example 2,
however, 2% by wt. of a Ca stearate (114-36 L3 by the
company Valtris Specialty Chemicals) is now added as a
release agent. A bulk weight of 462 g/ is achieved for the
above-mentioned grain distribution. Compared with
Example 2, it was possible to improve the throughput of the
screening device by about 50%.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features of the disclosure become
apparent from the other claims as well as from the following
description of two exemplary embodiments of the disclo-
sure, which are to be understood not to be limiting and which
will be explained below with reference to the drawing. In
this drawing:
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FIG. 1 shows a schematic illustration of a device for
comminuting a thermoplastic material; comminution takes
place by means of melting and atomization, and

FIG. 2 shows a schematic illustration similar to FIG. 1,
but in this case for a device in which comminution is carried
out mechanically by means of a mill.

DETAILED DESCRIPTION OF THE DRAWINGS

First, the device according to FIG. 1 will be described; the
device according to FIG. 2 will only be described to the
extent its individual components differ from the device
according to FIG. 1.

TPU provided in the form of granules is melted in a melt
container 20. From a melt container 20, it is fed, conveyed
by a pump 24, to a container 26 forming a spraying tower via
a conveyor pipe 22. A nozzle assembly 28 to which the
molten material is fed is located at the top within this
container 26. Liquid material exits its nozzle openings, e.g.
in the form of thin threads that separate into droplets farther
below. As the distance from the nozzle assembly 28
increases, the droplets become rounder, and free-falling
particles are formed from them; they fall vertically down-
ward.

A feed pipe 30 for cryogas, in particular liquid nitrogen,
protrudes from above into the container 26, next to the
conveyor pipe 22. The feed pipe 30 is connected to a feeding
unit 32, which in this case is configured as a ring located
above and outside the nozzle assembly 28.

The polymer material exits from the nozzle assembly 28
within a cone 34. The cryogas exits the feeding unit 32 in the
shape of an envelope 36 of a cone; the cone 34 is located
within the envelope 36 of the cone. The cone 34 is oriented
in such a way that it does not hit the lateral walls of the
container 26, if possible.

Lateral nozzles 38 or a similar introduction device are
located in the lower region of the container 26. A release
agent, a metal stearate, is introduced through them into the
interior of the container 26 in such a way, see the arrows, that
a layer 40 of the release agent is formed, if possible, in the
lower region of the container 26. The droplets fall through
this layer 40 and are thus coated by the release agent to a
greater or lesser extent. Depending on the process control, a
part of the release agent falls downward from the layer 40;
this part falls on the region of the outlet that has oblique
walls. The particles hit these oblique walls before they
slowly get to the lowermost portion of the outlet 42. Thus,
the particles can also be coated with the release agent when
and while they rest on the oblique walls. They can also be
coated with the release agent while they are located above
the oblique walls and underneath the layer 40.

In the lower region of the container 26, the latter has a
conically shaped outlet 42. There, the coated droplets have
cooled off to such an extent that they are substantially no
longer deformable; they form the starting powder. This now
arrives in a screening device 44. In a modification, a rotary
feeder as it is apparent from FIG. 2 may be interposed. It is
part of the comminuting device. In a modification, it is
possible to feed the release agent into this rotary feeder.

The screening device 44 is configured in accordance with
the prior art. In order to simplify the illustration, it has only
one screen 46. The predefined grain distribution is let
through by the screen 46, see arrow 48; the rest is drained
away, see arrow S50.

In the device according to FIG. 2, TPU in the form of
granules is located in a feed container 52. The granules are
fed via a rotary feeder 54 to an infeed portion 56 of a mill

30

35

40

45

55

6

58, which in this case is configured as a pin mill. A pipe 60
for release agents, in this case an amide wax, additionally
leads into the feed pipe towards the mill 58. Thus, the
granules and the release agent get into the infeed portion 56
of the mill 58 at the same time and are intimately mixed in
the mill 58 during the milling process.

At the output side, conditions similar to those of FIG. 1
are provided. Also in this case, the outlet 42 of the mill 58
is directly connected to the screening device 44.

Terms like substantially, preferably and the like, and
indications that may possibly be understood to be inexact are
to be understood to mean that a deviation by plus/minus 5%,
preferably plus/minus 2%, and in particular plus/minus one
percent from the normal value is possible. The applicant
reserves the right to combine any features and even sub-
features from the claims and/or any features and even partial
features from a sentence of the description with other
features, sub-features or partial features in any form, even
outside of the features of independent claims.

The applicant further reserves the right to delete any
features and also partial features.

In the Figures, parts that are equivalent with respect to
their function are always provided with the same reference
numerals, so that they are also only described once, as a rule.

The invention claimed is:

1. A method for comminuting a thermoplastic polymer
and for producing therefrom a pulverulent materials with a
predefined grain distribution, the method including the fol-
lowing steps:

predefining a desired grain distribution of the pulverulent

material,

comminuting the thermoplastic polymer, which is pro-
vided in lump form, into a starting powder in a
comminuting device, wherein the starting powder
comprises granules, and

screening the starting powder at least once until the
pulverulent material with the predefined grain dis-
tribution has been attained,

wherein a release agent, is fed into the comminuting

device during the comminuting step, wherein the
release agent is provided in finely powdered form and
wherein the release agent coats the granules of the
starting powder in dust-like manner to reduce the tack
and capability of the starting powder for agglomeration
formation,

wherein a) the step of comminuting is carried out in a mill

comprised by the comminuting device and thereby a
cooling agent with a temperature of <-50° C. is fed into
the comminuting device, or

b) the step of comminuting uses a spraying tower, in

which the thermoplastic polymer is comminuted by
melting or dissolving and then atomizing or spraying
via at least one spraying nozzle, wherein a cooling
agent with a temperature of <-50° C. is fed into the
comminuting device.

2. The method according to claim 1, wherein the release
agent is selected from at least one from the following group:
surfactants, waxes, and metallic soaps.

3. The method according to claim 1, wherein the release
agent is hydrophobic.

4. The method according to claim 1, wherein the release
agent has a melting point temperature differing from the
temperature of the melting point of the polymer by 30° C. at
most.

5. The method according to claim 1, wherein the release
agent is supplied prior to the production of the starting
powder being finished.
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6. The method according to claim 1, wherein at least one
mechanically moved screen, is used in the screening step.

7. The method according to claim 1, wherein the release
agent is supplied with a percentage by weight of 5% at most,
based on the weight of the thermoplastic polymer.

8. The method according to claim 1, wherein the release
agent is supplied with a percentage by weight of at least 0.1
based on the weight of the thermoplastic polymer.

9. The method according to claim 1, characterized in that
the thermoplastic polymer has a Shore A hardness of less
than 90 at normal temperature.

10. A device for comminuting a thermoplastic polymer
according to the method of claim 1 and for producing
therefrom a pulverulent material with a predefined grain
distribution, the device comprising:

a comminuting device for thermoplastic polymers pro-
vided in lump form, which comprises a mill or a
spraying tower, and which has an inlet for the thermo-
plastic polymer, an outlet for starting powder, and a
feed pipe for a cooling agent with a temperature of
<=50° C.; and

a screening device disposed downstream of the commi-
nuting device and connected therewith via pipelines in
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which the starting powder is conveyed, wherein the
screening device has at least one screen designed for
the predefined grain distribution,
wherein the comminuting device has a means for introduc-
ing a release agent into the comminuting device.

11. The device according to claim 10, wherein the means
is a pipe or a nozzle for the release agent.

12. The device of claim 10, wherein the spraying tower
has at least one spraying nozzle and an outlet, and that the
means for introducing a release agent is at least one nozzle
disposed in the spraying tower between the spraying nozzle
and the outlet.

13. The device according to claim 12, wherein droplets
exiting the spraying nozzle move within the spraying tower
towards the outlet, and that the nozzle is configured for
causing in the spraying tower a mist of release agent through
which the droplets move.

14. The device according to claim 10, wherein when the
comminuting device includes a mill, the means for intro-
ducing the release agent is a pipe formed together with the
infeed portion for the thermoplastic polymer or for the
cooling agent.



